Objectives-To measure rates and predictors of virologic failure and switch to second-line ART in South Africa.
INTRODUCTION
As the global scale-up of antiretroviral therapy (ART) has reached nearly five million people, 1 a growing body of evidence from large observational cohorts has demonstrated positive clinical, immunologic and virologic outcomes being achieved throughout subSaharan Africa. [2] [3] [4] [5] [6] [7] Even though large numbers of new patients are still starting treatment in resource-limited settings, focus is shifting from the short-term stresses of treatment initiation to the long-term problems of managing a lifelong chronic disease. A critical part of this shift is an emphasis on managing the growing number of public-sector patients who already have failed or will soon fail first-line therapy. [8] [9] [10] [11] [12] [13] While recent estimates suggest only 2% of those currently on ART are on a second-line regimen, 14 a far greater number are likely to be failing virologically but have not switched from first-line therapy: WHO estimates that 500,000 to 800,000 patients required switching to second-line regimens by 2010. 15 As ART scale-up continues and the average duration on ART increases, both the absolute number and relative proportion of patients needing secondline therapy continues to grow. It has previously been estimated in South Africa that by 5-years on ART 14% of patients fail virologically. 2 Poor access to HIV-1 RNA viral load testing is a key challenge facing many national programs 12, 16 and therefore reliance on clinical and immunologic means of determining when to switch, which have poor predictive ability for virologic failure, is problematic. [17] [18] [19] [20] [21] [22] There is increasing pressure to improve access to viral load testing in high burden settings, and we recently reported improved outcomes in programmes in Southern Africa which utilize routine viral load testing. 12 South Africa is one of the few high-burden settings to follow the public health approach to ART service delivery, with access to routine viral load monitoring and a standardized approach to confirming virologic failure. In settings with access to viral load testing, WHO recommends switching therapy when a patient has a persistent viral load above 5,000 viral copies/ml. 1 The performance of this guidance at a national level, and the programme-level impact of different thresholds for determining virologic failure have not previously been described.
Individual cohorts have reported on durability of first-line regimens, associations with confirmed virologic failure, and delays in switching to second-line, but there is limited understanding of factors predicting switch after virologic failure, and how consistent practice is with respect to switching failing patients to second-line therapy. 12 We examined the impact of the definition of virologic failure on failure rates, quantified rates of virologic failure and switch to second-line ART, and studied predictors of each in a combined cohort of nearly 20,000 patients initiating ART throughout South Africa. We also explored variability in switching rates by treatment program.
METHODS

Study Design and Population
The data for this analysis come from the IeDEA-SA collaboration (http://www.iedea-sa.org/), a collaboration of HIV treatment programmes in Southern Africa combining prospectively collected clinical treatment data from 25 programmes. 23 At the time of data transfer, participating sites represented nearly 10% of all South African adult public-sector patients initiating ART. 24 We included data from five programs, operating throughout the country, with adequate viral load data. All clinics followed the 2004 South African National Treatment Guidelines for public-sector ART provision. 25 While these guidelines have recently been revised, 26 during the study period patients whose CD4 cell count declined to below 200 cells/ml 3 or who were diagnosed with a WHO Stage IV condition (excluding extra-pulmonary tuberculosis) were eligible for ART. Standard firstline regimens comprised stavudine (d4T) with lamivudine (3TC) and either efavirenz (EFV) or nevirapine (NVP). Zidovudine (AZT) was available for specific indications. Once on ART, guidelines provided for 6-monthly viral load and CD4 count monitoring. In four of the five sites viral load testing was done by the National Health Laboratory Service (NucliSens EasyQ HIV-1 assay; bioMérieux, Boxtel, The Netherlands), while in Gugulethu a private laboratory provided the viral load testing (Bayer HIV-1 RNA 3.0 assay, Leverkusen, Germany). Virological failure was defined as a two consecutive viral loads above 400 copies/mL, with the second value >5000 copies/mL despite stepped-up adherence interventions. The recommended second-line regimen was AZT, didanosine (ddi) and lopinavir-ritonavir (LPVr). There was some variation in the application of these guidelines, largely because some sites initiated ART prior to formalization of national guidelines. This included using AZT over d4T, the timing of the first monitoring viral load, the frequency of monitoring and the sequential thresholds used to designate confirmed virologic failure (Table 1 ). Sites nevertheless closely followed a uniform national programme with respect to ART eligibility, patient preparation, regimens, monitoring frequency and failure definitions, 27 facilitating this combined analysis.
Analytic Strategy
Eligible patients were ART naïve adults aged ≥16 initiated on a standard first-line ART regimen at one of the five sites between Jan 2000 and July 2008, and who completed ≥6 months of follow-up after ART initiation. We conducted three analyses: of 1) time to virologic treatment failure in which we varied the failure definition; 2) the rate and predictors of treatment failure using a common virologic failure definition; and 3) time to and predictors of switching to second-line ART among those failing first-line. For the timeto-switch analysis we included only patients in care for six-months after documented virologic failure. Patients who were never virologically suppressed were included in the main analyses, but were excluded in a sensitivity analysis. Viral load testing completeness at 2 years duration on ART was estimated for each cohort for all patients followed up for at least 27 months based on viral loads taken between 21 and 27 months on ART.
For analysis 1, we defined treatment failure as a detectable viral load (≥400 copies/ml) after 6 months on first-line ART followed by a second consecutive viral load above a threshold (which varied) separated by between 2 weeks and 1 year without suppression during that time. We varied the threshold for the second elevated value (≥400, ≥1000, ≥5000, ≥10,000 copies/mL). Patients who died after a first elevated viral load (N=79) with no further elevated viral load were not considered failures. Because some patients who were likely virologic failures died or left care before receiving a confirmatory viral load, in sensitivity analyses we analyzed rates of confirmed failure or death after initial viral load elevation to account for missed failures in patients who died. For analysis 2 we used a threshold of ≥1000 (referred to as the "common failure definition"), because no cohort had a protocol requiring switching below this threshold, which is now used in the South African national ART programme. 28 Analysis 3 was limited to patients meeting their clinic's failure definition (see Table 1 ), because sites typically would not switch patients who had not met their definition. We defined switching to second-line ART as initiating a PI with a change in at least one nucleoside reverse transcriptase inhibitor (NRTI), ≥6-months after starting firstline therapy.
We defined treatment gaps as the number of days between the end date of all drugs in one prescribed regimen and the start date of the next regimen. We defined CD4 count at ART initiation as the last measure 12 months before through 14 days after initiation (87% of patients had such a measure). We defined viral load at ART initiation as the last viral load measure 6 months before through 3 days after ART initiation. For predictors of switching, CD4 count and viral load at failure were defined as the temporally last measures 3 months before through 2 weeks after the second detectable failing viral load. Because we hypothesized clinicians would prioritize switching failing patients with low or dropping CD4 counts, we include time updated "current" CD4 count after failure and CD4 decline as predictors in multivariable models. For missing current CD4 counts, we carried forward the last measure up to 9 months.
For failure analyses, person-time accrued from six months after initiating ART until the earliest of death, loss to follow-up (LTFU), five years on ART, administrative censoring (which varied by cohort but at latest was Jan 2009), or treatment failure (date of the second elevated viral load). For switching analyses, person-time accrued from treatment failure until the earliest of death, LTFU, administrative censoring, or switch. LTFU was determined to have occurred at the last recorded visit and was defined based on each of the individual sites' definitions.
Statistical Methods
We derived Kaplan-Meier estimates of cumulative failure probabilities using the differing failure definitions and stratified by predictors of failure. We estimated hazard ratios (HR) for associations of patient characteristics with both virologic treatment failure and switch to second-line ART using Cox proportional hazards regression. In addition to age and sex, we included variables with a univariate p-value <0.2 in multivariable models. For failure models we included cohort, ART initiation year, NNRTI in first-line ART (EFV/NVP), TB treatment (Yes/No/Missing), WHO stage (I/II, III/IV, missing), CD4 count and viral load at ART initiation and treatment interruptions of 7 days or more. For switch models we included cohort, year of failure, years on ART at failure, current CD4 count, % change in CD4 count from failure, and viral load at failure. As a sensitivity analysis, missing baseline values were also imputed using fully conditional modeling by means of a chained equations approach, 29 with estimation results combined by Rubin's rules. 30 
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RESULTS
Details of the five public-sector treatment sites in South Africa are given in Table 1 . While some patients initiated treatment as early as 1999, the majority initiated treatment since the public-sector ART rollout in South Africa began in April 2004. Viral load testing completeness at two years on ART ranged from 71% to 85%.
Cohort description
Of 23,465 adults completing 6 months of ART, 3,820 were excluded because they initiated a nonstandard first-line regimen or their first-line regimen could not be determined. Figure 1 shows cumulative probabilities of virologic treatment failure, using different thresholds for confirmation in a Kaplan-Meier survival analysis. Between 6 months and five years on ART, using our most sensitive confirmatory threshold (≥400 copies/ml), 16.9% (95%CI:15.4-18.6%) of patients failed. The proportion failing was similar when increasing this threshold to 1000 copies/ml, but was substantially less using thresholds of 5000 (10.0%; 95%CI:8.8%-11.2%) or 10,000 copies/ml (7.8%; 95%CI:6.6%-9.3%, or 2.2 times less likely to meet the definition compared to a threshold of 400 copies/ml). This last estimate should be interpreted with caution, because no cohort used a threshold of 10,000 copies/ml and so some patients failing at lower thresholds will have switched before reaching a threshold of 10,000. When we limited the analysis for each threshold to only those cohorts which in practice defined failure as greater than or equal to the threshold examined and exclude the 10,000 group, results changed little (failure was 1.5 times greater comparing a threshold of 400 to a threshold of 5000). In sensitivity analyses including deaths following a single elevated viral load as failures, cumulative failure probability at 5 years on ART ranged from 16.7-24.7% depending on the definition used. Table 3 shows associations of patient characteristics with treatment failure, using the common definition. In multivariable models ( Results were very similar when using multiple imputation for missing data and when limited to patients who initially achieved viral suppression. Results were also similar for the outcome of failure or death except for an attenuation in the association with nevirapine in the initial regimen, the increased risk associated with 2 or more gaps in care was reduced (HR 2.74; 95%CI:2.19-3.45) and a stronger association between later year of ART initiation and reduced failure/ death was observed (data not shown).
First-line Failure by Viral Load Threshold
Predictors of First-line Treatment Failure
Switching to Second-line
Among the 1348 patients meeting the common failure definition, 62% (833/1348) switched to second-line ART. Overall 10.1% of the cohort were switched (9.0%-11.4%) to secondline between six months and five years on ART ( Figure 1 ). Of those who completed at least six additional months of follow-up, 664 (74%) switched at some point after failure. Those who switched did so a median of 4.6 months after failure (IQR:2.1-8.7). The majority (81%) were switched to the government recommended regimen of AZT-ddi-LPVr. Table 4 displays associations of patient characteristics with switching among those who failed according to their site's failure definition. In a multivariable analysis, CD4 count at failure was weakly associated with switching. Those with a higher rate of decline in CD4 count since failure were however more likely to switch. A CD4 % drop of −100% to −51% vs. remaining relatively stable (−25% to 25%) was associated with a two-fold increased switch rate (aHR: 1.82; 95%CI:1.24-2.68) while a CD4 % drop of −50% to 0% compared to remaining stable (−25% to 25%) was associated with a 1.3-fold increased switch rate (95%CI:0.93-1.77). There remained a two-fold difference between the cohorts with the fastest and slowest times to switching in virologically failing patients.
DISCUSSION
In one of the largest studies to date from the South African national treatment programme exploring the extent of virologic treatment failure, we found 8-17% of patients failed firstline therapy by five years on treatment using survival analysis depending on the definition of confirmed failure used, in line with findings from individual cohorts. 6, 31 There were expected delays both between a first elevated viral load and confirmation of treatment failure, and subsequent switching of therapy in those who switched (median of 2.7 and 4.6 months respectively). While nearly three-quarters of patients with confirmed virologic failure and at least six months of additional follow-up had switched, there was up to a twofold difference in time to switching between cohorts, with switching occurring faster in patients with rapidly falling CD4 counts.
Definition of virologic failure
South African and WHO guidelines suggest a pragmatic approach to defining virologic treatment failure which relies on confirmation of viraemia after attempts to optimize adherence. The World Health Organization 2010 guideline revisions recommend that when viral load monitoring is available, "A persistent viral load of >5000 copies/ml confirms treatment failure." 1 South African guidelines in operation at the time of this study used the same confirmatory threshold, but allowed for the first elevation to be above 400 copies/ml.
The approach has been shown to successfully select out patients with high levels of resistance warranting switching to second-line therapy, but low levels of cross-resistance between first and second-line regimens. 32 As evidenced by this study however, the exact interpretation of this approach is varied and can profoundly impact the number of patients who meet the failure definition and require second-line therapy.
Three subsequent guideline changes in South Africa may impact the interpretation of these findings. 28 In April 2010 the initial recommended NRTI backbone was changed from stavudine and lamivudine to tenofovir and lamivudine, while routine viral load testing frequency was dropped from six-monthly to annually beyond the first year on ART. The threshold for confirming virologic failure was lowered from 5,000 to 1,000 copies/ml with the confirmatory test now required within three months of the initial elevation.
Whereas the less frequent monitoring may increase delays to identifying patients failing virologically, with the introduction of tenofovir there may also now be fewer concerns about the accumulation of thymidine analogue mutations while viraemic, with the associated potential to compromise second-line therapy.
Switching of failing patients
A previous analysis from the IeDEA collaboration demonstrated switching occurred more frequently and at higher CD4 counts in sites with viral load monitoring. 33 Mortality was lower and CD4 trajectories steeper in viral load sites, 12,34 though this has not been consistent across studies. 35 The current study provides further insight into the period between virologic failure confirmation and switching. A high proportion of patients who should be switched are switched, and compliance with guideline advice is more complete than is the case for children in South Africa. 36 Nevertheless, the median delay of nearly 5 months between confirmation of failure and switch combined with inter-cohort differences, suggests that administrative and clinical factors are additionally impacting on compliance with switching guidelines. The strong association between CD4 count trajectory and switching further suggests that clinical judgment is a contributor to this variability.
Current data suggest PI-based second-line therapy is not being compromised by delays in switching resulting from South Africa's pragmatic virologic failure guidelines, with the majority of patients failing second-line therapy remaining susceptible to boosted lopinavir. 37, 38 The finding that most early failures on second-line are adherence-related supports the provision for a period of active adherence optimization prior to switching. Delays in switching on the other hand place patients at increased risk of illness and death through longer durations spent viraemic and at lower CD4 counts. 12, 13 An important followon analysis will therefore be to estimate the causal effect of delays in switching patients with confirmed virologic failing. 39
Associations with failure
The associations with virologic failure we found mirror those found in individual cohorts. Measures of advanced disease (CD4 count, WHO stage, viral load) were associated with failure. We found a strong association with treatment interruptions, perhaps serving both as a proxy for poor adherence and as a consequence of the long half-life of NNRTIs which remain in circulation longer than the other drugs following unplanned interruptions. 40, 41 We again found NVP as choice of NNRTI was associated with virologic failure, a consistent finding across observational studies from different settings, 31, [42] [43] [44] and is not in conflict with the clinical trial data for African sites. 45, 46 Limitations Our study has several limitations. First we lacked good PMTCT data to be able to examine the role of single-dose NVP exposure in treatment failure. Second, confounding by indication could have occurred, particularly in the relationship between nevirapine use and failure in sites where efavirenz was more commonly used. Next, although we observed modest differences between cohorts in the completion and frequency of viral load testing, failure to test or report viral load results according to guidelines would reduce the probability of meeting failure definitions. We also found the overall failure rate was sensitive to assumptions made about whether patients with only a single detectable viral load before death were truly failures. Also differences in how failure was defined by each cohort could have led to underestimates of failure rates using definitions with higher thresholds if patients with detectable viral loads below the threshold were switched before they could reach a higher threshold. Differences in follow-up time between cohorts may also explain some of the differences in failure rates observed. Finally, we had no data on two important potential predictors of treatment failure, adherence 47 and prior resistance.
In conclusion, future treatment guidelines revisions should make explicit the rationale for the thresholds chosen to define and confirm virologic failure in light of our finding that these profoundly on the proportion of patients who meet failure definitions, and resultant costs of second-line treatment. Although guidance on switching failing patients is generally followed, there remains considerable variability in time to switching after failure, due to both clinician and administrative factors. Future studies should investigate the impact failure definitions and delays in switching have on subsequent treatment outcomes. 
